Objective: The aim of this study was to elucidate the role of adiponectin, leptin, TNF-α and IL-6 on the early detection of the microvascular complications of type I diabetes.
Introduction
The chronic complications observed in diabetes mellitus (DM) occur by angiopathic mechanisms and appear 10-20 years after the disease first develops. Early findings of late-stage complications, such as nephropathy, retinopathy, neuropathy, macroangiopathy and microangiopathy, start in childhood, and these complications can be either prevented or delayed with good metabolic control. Recognizing the long-term complications of diabetes in their early stages of development is thereforöe critical to increasing survival and improving the quality of life of diabetic patients [1, 2] . Diabetic retinopathy is the most common complication of type I diabetes. It is usually not seen in the first 5-10 years. Only 20-30% of background retinopathy develops during the first 10-15 years of the disease, whereas 70-80% develops after 15 years The EURO DIAB prospective complications study found a 56% retinopathy incidence over 7 years of follow-up in 764 patients who were older than 15 years. Zhang et al. reported that the incidence of diabetic retinopathy was 10% with good metabolic control but greater than 40% without good metabolic control [3] .
Adiponectin is a hormone that is synthesized in the adipose tissue and plays an important role in hyperglycemia, dyslipidemia and inflammatory mechanisms. Low adiponectin levels, in addition to insulin resistance, have been shown in type II diabetes, and adiponectin has been demonstrated to play an important role in the response to insulin. Adiponectin also shows anti-inflammatory and antiatherogenic properties [4, 5] .
The aim of this study was to elucidate the role of adiponectin, leptin, TNF-α and IL-6 in detecting the microvascular complications of diabetes and to determine their relationship with the chronic diabetic complications.
Materials and Methods
Sixty type I diabetic patients were enrolled from the Cukurova University Medical Faculty, Pediatric Endocrine and Metabolism Outpatient Department. The control group consisted of 28 children in good health. Of the type I DM patients, those who were diagnosed 5 or fewer years prior to the study were compared to those who were diagnosed more than 5 years prior to the study, and the prepubertal patients were compared to the pubertal patients.
The duration of DM was noted for all patients who were included in the study. Blood pressure was measured with a mercury manometer, and fasting serum glucose, C-peptide, triglycerides, total cholesterol, HDL cholesterol, LDL cholesterol and HbA1c levels were also measured.
In addition, 24-hour urine samples were collected, and the microalbuminuria levels and the urinary albumin excretion rate (AER) within the last year were calculated. Based on the urine samples, the patients were classified as follows: a group with no microalbuminuria in any of the 3 samples collected 24 hours apart; an intermittent microalbuminuria group, which showed levels of albumin over 20 μg/kg in only one of the three samples; and a persistent microalbuminuria group, which showed albumin levels of greater than 20 μ/kg in at least two of the three samples.
The retinopathy eye examination in all patients was performed by an experienced ophthalmologist with indirect fundus examination using a 90 Diopter Volk lens. We considered the presence or absence of retinopathy as the basis of our study; however, the retinopathy was not graded. Serum was collected from all patients included in the study and stored at -70 o C until adiponectin, leptin, TNF-α and IL-6 measurements were performed. Adiponectin levels were measured using the "Linco Research" human adiponectin ELISA kit, and Leptin, TNF-α and IL-6 levels were measured using the "Biosource" human ELISA kit and the ELISA method simultaneously after thawing of the serum samples.
The SPSS (version 11.5) software package was used for the statistical analyses. Parametric and nonparametric methods were used for the analysis with a critical significance level of 0.05. The Mann-Whitney U test, Wilcoxon test and the independent samples test were used while accounting for whether the groups were independent or not. Correlation and regression analysis were also performed for the parameters.
Results
A total of 60 type I DM patients who consisted of 29 girls (48.3%) and 28 healthy children who consisted of 13 girls (46.4%) were included in this study. In the DM patient group, 29 (48.3%) had been diagnosed 5 or fewer years prior to the study, and 31 (51.7%) had been diagnosed more than 5 years prior to the study; 28 (46.7%) were in the prepubertal period, and 32 (53.3%) were in the pubertal period. The control group had 15 (53.6%) prepubertal and 13 (46.4%) pubertal children. There were no statistically significant differences in terms of age, weight, height, body mass index (BMI) and pubertal period between the patient and control groups ( Table 1) . The mean HbA1c level was 10.3±2.2% in the pubertal period type I diabetics and 9.1±1.8% in the prepubertal period type I diabetics (p=0.02). The triglyceride levels and the systolic and diastolic blood pressure were higher in the pubertal period study subjects compared to the prepubertal period subjects, whereas the HDL levels were lower.
The mean serum adiponectin level was 6.19±3.51 ng/dl in the type I diabetics and 5.00±1.82 ng/dl in the control group (p=0.042). There was no statistically significant difference in the serum leptin, TNF-α and IL-6 levels between the type I diabetic group and the control group. However, the serum leptin levels were higher in girls and during the pubertal period ( Table 2 ). Retinopathy was found in 9 (15%) of the 60 DM patients, and the mean diabetes duration of these patients was 9.61 (7-13) years; of these 9 patients, 7 (77.8%) were pubertal, and 2 (12.2%) were prepubertal. The glycemic control of these two prepubertal patients was impaired, and there was mild retinopathy (increased venous tortuosity was found on ophthalmological examination). The serum adiponectin levels were lower in the diabetic retinopathy patients (p=0.003), whereas the serum leptin levels were higher (p=0.007). There was no significant difference in the serum TNF-α and IL-6 levels between the patients with retinopathy and those without ( Table 2) .
Compared to the patients without diabetic retinopathy and microalbuminuria, patients with these complications showed higher serum leptin levels (p=0.001) and similar adiponectin, TNF-α, and IL-6 levels.
Adiponectin and leptin levels were negatively correlated with the presence of retinopathy, whereas leptin levels were positively correlated with female gender, age, weight, height, BMI, pubertal period, microalbuminuria, retinopathy, and systolic and diastolic blood pressure. TNF-α levels were positively correlated with urinary AER (r=0.288, p=0.026), whereas no correlation was found between the IL-6 levels and the measured parameters.
Linear regression analysis for adiponectin revealed regression between adiponectin and the presence of retinopathy only (p=0.008, r=0.34). Linear regression analysis for leptin showed regression for BMI (p<0.001, r=0.72), gender (p=0.004, r=0.76), presence of retinopathy (p=0.02, r =0.81), adiponectin (p=0.029, r=0.82) and insulin requirement (p=0.047, r=0.83).
Discussion
In this study, we found that serum adiponectin levels were increased in children and adolescents with type I DM. Similar results have been reported in the literature in type I DM [5] [6] [7] [8] [9] , whereas type II DM has been associated with low serum adiponectin levels [10] [11] [12] [13] . The increase in serum adiponectin levels in type I DM, in contrast to type II DM, may be due to a lack of insulin; glucose and insulin may play an important role in the increased serum adiponectin levels observed in type I DM [5, 14] However, Berg et al. showed that serum adiponectin levels do not change in mice after the onset of diabetes although the insulin levels decrease dramatically [15] . These findings indicate an indeterminate role for adiponectin in peripheral insulin sensitivity and regulation.
Despite studies that report lower adiponectin levels in men compared to women, during puberty compared to the prepubertal period and in association with obesity, insulin resistance and atherosclerosis [10, [16] [17] [18] , we did not find any difference in adiponectin levels between males and females or between puberty and the prepubertal period (p>0.05). We think that this lack of group differences may have occurred because the prepubertal and early pubertal male children in the study may have had high androgen levels. Androgens, such as testosterone and 5 α-hydroxy-testosterone are known to increase plasma adiponectin levels [14] . Studies on DM duration have also not found a relationship between the type I DM duration and serum adiponectin levels [5, 16] . However, Lindstrom found that the serum adiponectin levels were increased in patients with a diagnosis of type 1 DM for more than 10 years and stated that this may be due to the disturbed kidney functions related to the duration of DM [8] . Studies have also not found a relationship between metabolic control and the adiponectin levels [19] .
There was an elevation in serum adiponectin levels with no statistical significance in the microalbuminuria patients (p>0.05). Several studies have reported that the adiponectin levels increase with the degree of microalbuminuria [6, 18, 20, 21] .
Low serum adiponectin levels have been reported to be associated with increased retinopathy in type II DM [11, 22, 23] . However, Kato et al. recently described increased adiponectin levels in type II diabetic patients with retinopathy [24] . Based on their studies in type I diabetic patients, Hadjadj et al. reported that serum adiponectin levels were higher in patients with diabetic retinopathy [6] . In contrast, we found lower serum adiponectin levels in patients with diabetic retinopathy (p=0.003). This is the first study to show lower serum adiponectin levels in type I DM with retinopathy; however, to draw solid conclusions, these findings must be confirmed in larger series.
It has been shown that low grade inflammation plays a role in diabetic microangiopathy and that IL-6 has an important role in this inflammatory process [25, 26] . The anti-inflammatory effects of adiponectin include suppression of macrophage TNF-α secretion and inhibition of macrophage transformation into foam cells; in addition, a correlation between adiponectin and IL-6 has been found. However, Hadjadj et al. were unable to demonstrate a relationship between adiponectin and IL-6 [6] . We also did not find a correlation between adiponectin and TNF-α or IL-6 levels. Although many studies have described a role of TNF-α and IL-6 in insulin resistance, disturbed glucose tolerance and microangiopathy [9, [25] [26] [27] [28] [29] , we were also unable to show such a relationship in our patients who had developed complications. Similar to our findings, studies have shown that serum leptin levels increase with BMI, female sex, puberty and diabetic nephropathy but do not differ between type I DM patients and healthy controls [16, [30] [31] [32] [33] . The serum leptin levels were found to be increased in patients with diabetic retinopathy compared to those without retinopathy (p=0.007). Similarly, serum and vitreous leptin levels were higher in type 1 and type 2 diabetic patients with diabetic retinopathy, and it was concluded that leptin played an important role in this diabetic complication [23, 34, 35] .
We found higher serum adiponectin levels in children and adolescents with type I diabetes in this study but low levels in patients with diabetic retinopathy. The leptin levels were high in patients with diabetic retinopathy and microalbuminuria.
In conclusion, we think that low serum adiponectin levels and high serum leptin levels are useful markers of diabetic retinopathy in children and adolescents.
